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Reports have identiﬁed dry eyes, epiphora and superﬁcial
punctate keratitis as side effects of CPAP therapy [1,2]. These
symptoms have been attributed to direct air leak towards the eyes
due to poor mask ﬁt.
However, in 2004, Singh et al. [3] reported CPAP-associated
retrograde air escape via the nasolacrimal system (CRANS),
causing dry eyes, epiphora and eyelid ﬂuttering.
This is a report of a video describing a bubbling test for the
diagnosis of CRANS.
2. Case description
A 66-year-old manwith no history of nasolacrimal surgery used
CPAP therapy (15 cmH2O) daily (mean 7 h 58min) for 20 years. Last
year (2014), the patient complained of discomfort in both eyes,
waking him up several times during the night. The patient's eyes
were red, his eyelids were swollen, his daily CPAP decreased by* Corresponding author. Helsinki University Hospital, Sleep Unit, PO Box 160,
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1389-9457/© 2016 Elsevier B.V. All rights reserved.35min, themean leak was 2.4 L/min, he had residual apnea, and his
hypopnea index was 1.3/h.
The CPAP device (Autoset S7) was upgraded to a model that in-
dicates more therapy details (Autoset S9), and his nasal mask
(ResMed, Mirage Activa LT) was replaced with another nasal mask
(ResMed Softgel) that had a ﬁrmer cushion. The patient felt slight
amelioration of his eye symptoms.
2.1. Bubbling test
A few drops of physiological saline (B. Braun Melsungen AG,
Germany) were applied to the patient's eyes while he was in a
supine position and awake. After starting the CPAP device, an air
leak was noticed, emerging as bubbles from the lower lacrimal
punctum in both lower eyelids (video 1). This bubbling conﬁrmed
the diagnosis of CRANS.
Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.sleep.2016.08.026.
The use of a CPAP oral mask could reduce nasal pressure by
pushing the soft palate backward, thereby reducing CRANS.
Bubbling was absent with the oral mask (Oracle™ Oral Mask
HC452, Fisher& Payke Healthcare, New Zealand), but unfortunately
the mask induced nausea and proved to be intolerable.
Dissolvable lacrimal plugs (Herrick Lacrimal Plugs, Lacrimedics
Inc., Eastsound, WA, USA) were inserted into both inferior lacrimal
canaliculi (size 0.4 mm to the right and 0.5 mm to the left eye). The
patient felt substantial improvement with his eye symptoms and
signs. Thereafter, permanent silicone lacrimal plugs (UltraPlug,
Angiotech, Surgical Specialities Corporation, Reading, PA, USA)
were inserted into both lower lacrimal puncta (size 0.4 mm to the
right and 0.5 mm to the left side). Six months after insertion of the
lacrimal plugs, the patient was followed up and it was found that he
remained symptom free. The patient continued his daily CPAP use
at his initial level (7 h and 56min); themean leakwas 1.2 L/min, the
95th leak was 54 L/min, and the residual AHI was 1.4/h.
3. Video 1
A few drops of physiological saline were applied to the patient's
eyes while hewas in a supine position and awake. After starting the
A. Bachour et al. / Sleep Medicine 29 (2017) 35e3636CPAP device, an air leak was noticed, emerging as bubbles from the
lower lacrimal punctum in both lower eyelids, thereby conﬁrming
the leak (CRANS). The bubbling was more noticeable when the
lower eyelid was pulled slightly downwards. Within seconds of
CRANS, the eye became red and the eyelid began to ﬂutter.
4. Discussion
This video demonstrated a bubbling test to conﬁrm a diagnosis
of retrograde air escape via the nasolacrimal system during CPAP
therapy (CRANS). The patient had no previous lacrimal surgery, and
CRANS was treated successfully with lacrimal plugs.
CRANS may be underdiagnosed and classiﬁed as a mask leak.
However, in any CPAP-related eye symptom, CRANS should not be
excluded; failing to do so may cause therapy to fail. Suspected
CRANS should warrant polysomnography, in order to exclude
mask-related air leaks [3]. A mask-ﬁt test can reveal mask air leaks,
whereas the bubbling test indicates CRANS. Moreover, the coexis-
tence of a mask-related leak does not exclude CRANS. It was
recently demonstrated that more than half of the CPAP patients at
the present institution experienced continuously disturbing leaks
and that this disturbance did not correlate with the size of the
measured leak [4]. A substantial leak may effectively go unnoticed
by the patient. Alternatively, a small leak blowing on a sensitive
area, such as the eye, may disturb the patient considerably [4]. It
was previously shown that 30% of mask switching was due to a leak
and that only half of patients beneﬁted from switching masks,
suggesting that the possibility of CRANS is substantial [5].
The majority (70%) of tears ﬂow through the lower canaliculi
and 30% through the upper canaliculi. Lacrimal plugs were inserted
into the lower punctum, where the bubbling was observed.In conclusion, it is proposed that the bubbling test be
used to conﬁrm CPAP-associated retrograde air escape via the
nasolacrimal system (CRANS). The intrusion of silicone lacrimal
plugs prevented the leak.
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